We report on Terahertz detection by inverted band structure HgTe-based Field Effect Transistor up to room temperature. At low temperature, we show that nonlinearities of the transistor channel allows for the observation of the quantum phase transition due to the avoided crossing of zero-mode Landau levels in HgTe 2D topological insulators. These results pave the way towards Terahertz topological Field Effect Transistors.
INTRODUCTION
The main nano-electronics challenges are to reduce power consumption and to improve Field Effect Transistor (FET) operating frequency by reducing their size while retaining or even improving high electron mobility. For these purposes, classical semiconductor technologies are coming to their limits and new materials are explored as possible ways to overcome these restrictions. In this perspective, topological insulators 1 are extremely promising. Whereas their bulk is insulator, their edges are indeed composed of a set of dissipation-less states having Dirac dispersion. Therefore, because their charge carriers are massless and protected from backscattering by the intrinsic topology of the semiconductor band structure, these materials may demonstrate high electron mobility and low power consumption. Moreover, it was shown in different materials that using plasma wave effects in 2D electron channels, nanometer sized FETs can operate as efficient resonant or broadband Terahertz (THz) detectors, mixers, phase shifters and frequency multipliers at frequencies far beyond their fundamental cutoff frequency 2 . Therefore, using plasma wave phenomena in 2D topological insulator-based FETs turns out to be an extremely promising way to take up the present-day nano-optoelectronics challenges.
The notion of topological characterization of condensed matter phases has been introduced in 1982 by Thouless et al. 3 .
The quantum Hall (QH) effect was the only known example of such a non-trivial topological phase during 25 years. 20 . THz photon energy is also comparable with the Landau level splittings under moderate magnetic fields, and with the topological insulators narrow band gap. Magnetic field and consequently THz radiations are thus powerful tools to probe the properties of these new phases of matter.
In this work, we study an inverted band structure HgTe-based FET up to room temperature by THz photoconductivity as a function of quantizing magnetic field. We show that THz detection by nonlinearities in the FET channel allows for the observation of the magnetic field-induced quantum phase transition between non-trivial inverted band structure and trivial QH regime. These experimental results pave the way towards THz topological FETs. The FET gate was leaky but allows to slightly controlling the carrier density. Fig. 2 b) ). These unknown resonances cannot be attributed to any magneto-plasmon resonances.
Results and discussion
Indeed, unlike observed peaks, magneto-plasmon resonant positions must shift towards lower magnetic fields by increasing electron density. GHz.
When a perpendicular magnetic field is applied, a unique dispersion of the Landau levels is obtained for HgTe inverted band structure QWs. In this regime, the lowest Landau level (LL) of the conduction band contains a pure heavy hole state, when the highest LL of the valence band has a more electronic character and shifts to higher energies in magnetic field. This leads to a crossing of these two peculiar LLs for a finite magnetic field depending on the QW thickness. The observation of such a LL crossing is first a clear indication for the occurrence of an inverted band structure. Therefore, at this critical magnetic field, the Dirac mass parameter M is tuned from negative to positive values, corresponding to a quantum phase phase is transformed into the conventional quantum Hall phase [8] .
It is known that at band structure features, as band edges and anticrossings for example in photonic crystals 25 , dielectric nanofilms 26 , or microcavities 27 , rich dynamics appears. This leads to enhancement of nonlinear optical responses 28 of the material which may be detected by THz photoconductivity technique. Furthermore, THz photoconductivity in field effect transistors (FETs) has been proven since more than 10 years in many materials, to be a powerful tool to probe the 2D electron gaz nonlinearities 29 . V.V. Popov and coworkers have for example studied the theoretical THz photoresponse of a doublequantum-well electron channel of a grid-gated FET. They have shown that the amplitude of the Terahertz electric field increases dramatically in the anticrossing region of optical-like and acoustic-like plasma resonances 30 . On the contrary of transmission spectroscopy, in the photoconductivity experiments, elementary excitations are detected by measuring the photo-induced nonlinear change of the resistance, which monitors exactly the electronic system nonlinearities. This provides chances for exploring unique natures of excitations unable to be investigated by conventional absorption spectroscopy 31 .
Therefore, we assume that this photoconductivity signal at approximately 6 T is linked with the quantum phase transition due to the avoided crossing of zero-mode Landau levels in HgTe 2D topological insulators.
CONCLUSION
In conclusion, we present the experimental evidence of the room temperature THz detection by inverted band structure HgTe FETs. We have also demonstrated the presence of a well pronounced peak at low temperature and high magnetic field.
Unlike other unknown resonances, its position is independent on incident frequency and carrier concentration, and corresponds to a critical magnetic field for which particular anticrossing of zero-mode Landau levels is expected in these samples. Therefore, we assume that this resonance is related to the magnetic field-induced quantum phase transition appearing in HgTe inverted band structure QWs. Other resonances are still not understood and a rigorous qualitative explanation of the observed dependencies requires further theoretical and experimental work.
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